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Abstract 
Sustainability of Agricultural environment is very crucial to a developing national like Nigeria and the question of water 
quality has often been neglected, because good quality water supplies have been assumed to be abundant and readily 
available.  Chemical analysis of water indicates its suitability for irrigation purposes.  Rivers, streams and groundwater are 
the important potential sources of irrigation water in Ogun State, Southwestern Nigeria.  A study was therefore carried out 
to determine the quality of different sources (rivers and groundwater) of irrigation, in some local government areas of 
Ogun state. These include Abeokuta north, Ifo, Obafemi-Owode and Odeda.  The physio-chemical properties of the 
sampled water were determined.  Results revealed that, generally the quality of the water sources is good and suitable for 
irrigation. The chloride ions levels in all the water sources are within recommended limits. However, in some locations of 
the groundwater sampled, pH range of between 4.8 and 6.3 was observed showing it is acidic.  This may be as a result of 
the presence of high concentrations of ferric and ferrous ions in the groundwater.  The mean values of the conductivity, 
total dissolved solids and sodium ions were found to be 57% higher in groundwater than those of surface water. The 
implication of this is that while the rivers can easily be used to irrigate the different crops grown in this area, some level of 
proper irrigation management must be applied when using groundwater for irrigation so as to sustain the environmental 
management.
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1. Introduction 
Agriculture is the major consumer of water.  Irrigation uses more than two-thirds of water of the World’s 
available freshwater resources, producing 35% of the world’s arable land.  In all, agriculture uses 90% of all 
the freshwater (Shady, 1998).  According to the World Water Council in 1998, a global think tank on water 
issues, by the year 2050, water shortages are forecast in more than 70 countries, including 35 in Africa and 
several in the Caribbean, resulting in what is called “water stress”(Shady, 1998). Irrigation agriculture 
depends on adequate water supplies of usable quality.  There is need to constantly monitor water quality of 
irrigation water for environmental sustainability particularly in Nigeria and many other areas of the world.  
The intensive use of nearly all good quality water supplies means that new irrigation projects and those 
seeking new additional supplies must rely on lower quality and less desirable sources which will require 
proper design for environmental management.
Whatever may be the source of irrigation water (mainly river, stream, canal and wells), some soluble salts 
are always dissolved in it.  One of the most challenging problems of water quality management is the problem 
of excessive amounts of nutrients and the conditions of environmental pollution they can cause except a 
proper design is applied.  Of particular concern are nitrogen and phosphorus compounds.  Other concerns 
include excessive amounts of nitrates in groundwater and surface waters, ammonia toxicity to fish, altered 
effectiveness of chlorination by ammonia, and the nitrogenous oxygen demand of reduced nitrogen 
compounds in surface waters. All natural waters contain dissolved materials, including plant nutrients derived 
from natural processes.  Chemical impurities can be harmful when present above certain fairly well defined 
limit.  The main soluble constituents in water are Ca2+, Mg2+, Na+ and sometimes K+ as cations, and Cl-, are of 
prime importance in determining the quality of irrigation water and its suitability for irrigation purpose.  
Salinization is caused by the double action of evaporation and capillary movement in the soil.  Water retained 
in soil becomes progressively more saline overtime, especially in poorly drained soils.  This process is 
believed to be responsible for the failure of many irrigation projects throughout history (OTA, 1983). 
In the investigations relating to quality of irrigation and the salinity of the soil solution, it is important to 
take cognizance of the salt distribution within the soil.  Soil factors such as texture, drainage characteristics, 
nature of crops grown, and climatological conditions are also important in determining the suitability of 
irrigation water. These problems relate to usage of poor quality water include salinity, permeability, and 
toxicity among others. The need for proper drainage in most irrigation schemes is often related to the need for 
reducing the hazards from water logging and salinity.  Careful consideration must be given to drainage water 
disposal so that the water supplies downstream are not polluted (FAO, 1973).  It has been noted that in both 
arid and semi-arid irrigated ecosystem, the drain water often contains some toxic concentrations of trace 
metals (e.g. cadmium, selenium) and persistent organic compounds, which are recognized threats to both 
plants and animal life (USGS, 1986). This study was therefore executed to ascertain the quality of different 
sources of irrigation water in Ogun State, Southwestern Nigeria.  
2. Materials and Methods 
The research study was carried out in four different local governments’ areas namely, Abeokuta north, Ifo, 
Obafemi-Owode and Odeda.  The area falls within latitudes 6038N and 7030N and longitudes 3°E, 3°48E.  
The study was carried out from October 1996 to April 1997. There is a marked contrast between the 
topography of the area underlain by the basement rocks and the area underlain by the sedimentary rocks.  The 
topography of the area underlain by the basement rocks is characterized by a generally rising elevation from 
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about 30m to 40m above sea level at Olokemeji in the Northern part.  The topography forms recognizable in 
area underlain by sedimentary rocks are the Northern uplands, which consist of plateau, rising to a maximum 
height of about 213m above sea level North East of Abeokuta.  The underlying cretaceous sandstones, and 
slope gently to the south control the surface.  The Ewekoro depression, which is low lying and marshy, stand 
at about 30m above sea level (Jones and Hockey, 1964). The area experiences two main seasons, namely, the 
dry and the wet seasons.  The dry season usually occurs from November to February when the area is under 
the influence of the northeasterly winds.  The wet season lasts from March to October when southwesterly 
winds prevail.  There are two main growing seasons due to the bimodal character of rainfall distribution.  The 
first season is from late March to late July; ending in a short dry spell of approximately one-month and a 
shorter second season extends from late August to early November.  The average annual rainfall varies from 
1200mm in the northern part to 1,472mm in the south (OORBDA, 1996). 
The average minimum and maximum air temperature are 23°C and 32°C respectively.  Relative humidity 
varies from 76% to 85% coinciding with the dry and wet seasons respectively.  The mean daily sunshine 
hours range between 3.8 and 6.8 and the values decrease as cloudiness increases particularly during the 
months of June to September where the range is 3.48 to 4.98.The major rivers in this area include Oyan and 
Ogun, which originated outside Ogun state.  Other rivers that drain this area include the Opeji, Atadi, Owiwi, 
Otere and Onigbodugi in the northern part, while rivers Ibu, Iberon, and Ese are in the southern part.  There 
are many local streams that dry up during the dry season which give rise to localized ponds.  
2.1. Water Sampling 
Rivers Oyan and Ogun were sampled for surface water source at five locations namely at Ibaro-Ekiti, Lisa 
Olukoya, Olokemeji, Aro village and a pond at Kobape.  Spring, well and bore hole were sampled as 
groundwater source at Owode Headquarters, University of Agriculture, Abeokuta (UNAAB) permanent site 
and Ososun in Ifo local government. Some water samples (500ml) were taken from these locations.  The test 
bottles were filled with water samples, labeled, corked and then transferred to the laboratory for chemical 
analysis according to the standard tests (APHA, AWWA and WPCF, 1975). The tests were replicated three 
times for each sample point and then recorded.  The samples tested for the following parameters:- pH, 
electrical conductivity, total dissolved solids (TDS), chloride, sodium, calcium, and magnesium ions, and 
sodium absorption ratio (SAR) 
3. Results and Discussion 
Table 1 shows the physico-chemical composition of some specific surface water in the study area.  The 
mean values of the pH ranges from 4.8 to 7.9.  Majority of the values were above 7.5 indicating their alkaline 
nature.  Irrigation water outside the range of 4.5-8.5 may cause nutritional imbalance or may contain toxic 
ions.  The high value in location 1 may be as a result of the presence of clay soil in the area, which is 
generally basic / alkaline in nature.  The low value of location 5 is most likely due to contamination of ferric 
and ferrous ions.  
Table 1 The Physico-Chemical Properties of Some Surface Water Sources in the Study Area.  
      OYAN RIVER  OGUN RIVER  POND 
 Location 1 Location 2 Location 3 Location 4 Location 5 
pH  at lab 7.90 7.70 7.70 7.50 4.77 
      
Electrical conductivity  92.00 96.40 90.00 100.20 90.47 
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at 250C (mmhos/cm) 
Total Dissolved solid mg/l 88.32 92.16 86.40 96.19 86.85 
Chloride ion mg/l 7.50 8.00 10.50 11.50 17.0 
Sodium ion mg/l 9.00 11.00 10.00 6.90 33.50 
Calcium ion mg/l 0.15 0.12 8.80 14.40 0.42 
Magnesium ion mg/l 4.00 8.00 14.00 6.00 1.10 
Sodium Absorption  
Ratio (SAR) 
0.95 0.83 0.48 0.38 6.18 
Location 1; Ibaro-Ekiti (Upstream), Location 2; Lisa Olukoya (Downstream), Location 3; Olokemeji (Upstream),  
Location 4; Aro village (Downstream), Location 5; Kobape 
The values of electrical conductivities obtained from all the surface water samples range from 90 to 
100.2mmhos/cm with a mean value of 156.26mmhos/cm (Table 2). This value is below the critical water 
conductivity of 3,000mmhos/cm (Gupta et al., 1998).  This indicates that the water sources are not expected 
to have any salinity problems as the electrical conductivity gives good indication of the extent of the dissolved 
salts
The total dissolved solids (TDS) of the wells in the study area range from 150 to 247.40mg/l (Table 2).  
These values are below the critical level of 4,000mg/l. Salinity level with regards to irrigation is very 
important. The usage of a water source with very high salinity level increases the osmotic potential of the soil 
water. An increase in the osmotic pressure of the soil solution increases the amount of energy, which plants 
must expend to take up water from the soil.  As a result, respiration is increased and the growth and yield of 
most plants decline progressively as osmotic pressure increases. 
Table 2 The Physico - Chemical Composition of Some Groundwater in The Study Area.  
Parameters Location 6 spring at  
Owode Headquarter 
Location 7 well at  
University of Agric. 
, Abeokuta 
Location 8 boreholes 
At Ososun (Ifo Local 
Government.) 
pH at Lab 5.59 6.12 6.30 
Electrical conductivity  
of 250c (mmhos/cm) 
156.26 233.92 257.70 
Total Dissolved solids mg/l 150.00 224.56 247.40 
Chloride ion (mg/l) 8.00 1.00 20.00 
Sodium ion (mg/l) 1.56 22.00 40.00 
Magnesium ion (mg/l) 2.13 1.09 3.20 
Sodium Absorption  
Ratio (SAR) 
3.44 1.33 0.68 
The chloride levels of water analyzed ranged between 7.50 and 170mg/l with a mean value of 8.0mg/l.  
The usage of the raw water would have no chloride related problems since these values are below the critical 
value of 300mg/l (FAO, 1985), for irrigation water.  High chlorides affect the growth of plants by increasing 
the osmotic pressure, which in turn reduces crop growth due to lower water availability to plant.  Excess 
chloride ions absorbed in plant tissues accumulate on the leaves also resulting in leaf burns. The sodium 
adsorption ratio (SAR) values of the samples ranged from 0.36 to 6.18 (Table 1).  These values are below the 
critical value of 9.  The SAR is a direct consequence of sodium concentration level present in the water.  
Since all samples have low to moderate values of SAR, no sodium hazard of irrigation water is expected with 
the usage of these sources.  It has been found that sodium when present in the soil in exchangeable form 
causes adverse change in soil, particularly to soil structure. An excess of sodium will cause clay particles to 
disperse instead of aggregate, and in some cases also to swell. This results in a soil with low porosity, poor 
permeability, poor aeration when wet, large clods separate by deep cracks when dry. Such soil is difficult to 
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work with tillage implements when either wet or dry. Hoffman et al.; 1980 noted its ability to disperse soil 
when present above a threshold value(40mg/l), relative to concentration of the total dissolved salts. Dispersion 
of soil results in reduced rates of infiltration of water and air into the soil.  When such soils dry up, crusting 
occurs, making tilling difficult and thus adversely interferes with seed germination and seedling emergence. 
The calcium concentration in all the analyzed samples ranged from 0.12 to 14.4 mg/l (Table1).  These values 
are within the usual range in irrigation water, which is 0-20mg/l.  The calcium content relates to the hardness 
of the water and helps in the classification of water into either soft or hard.  None of the waters could be said 
to be hard.  Water of all these sources can be safely used for irrigation purposes. 
Table 2 shows the physico-chemical composition of some groundwater in the study area.  The waters are 
moderately acidic, with pH values ranging from 5.59 to 6.30.  Therefore the water is likely to be corrosive 
when used for a long time, suggesting the need for the use of PVC, plastic or well coated steel pipes for the 
water supply if lime is not added.  A pH ranging between 5 and 6.5 has been reported for some groundwater 
in Southwestern Nigeria (Asseez, 1972). The values of electrical conductivity range from 156.26 to 
275.70mmhos/cm.  The borehole at Ososun gave the highest value both for pH (6.30) and EC (257.70).  
According to Richard, 1954 all the groundwater falls in the C1S1 (low salinity, low alkalinity). The total 
dissolved solids of the groundwater ranges from 150 to 247.4ppm.  These values suggest that sprinkler system 
could be used without much damage to the nozzles.  The chloride concentration in all the samplers ranged 
from 1-20mg/l with a mean of 9.67mg/l.  The sodium adsorption ratio (SAR) ranged from 0.68 to 3.44, which 
indicate a low alkalinity hazard.  The sodium concentration ranged from 16.6 to 57.2 mg/l while the 
magnesium ion ranged from 1.09 to 3.2 mg/l.  The values are within the acceptable range of values in 
irrigation water according to the FAO, 1985 standards. There is no immediate toxicity effects envisaged from 
the concentration in the different ions in the irrigation water. 
In locations 6, 7 and 8 calcium ion concentrations was 1.56, 20.00 and 40.00 mg/l respectively.  It can be 
observed however that only the value in location 8 is above the critical value of 20 mg/l. The mean values of 
the conductivity, total dissolved solids and sodium ion were all found to be 57% higher in groundwater than 
the surface water (Table 3).  This indicates that surface water in general is better than groundwater in 
irrigation water quality in this study area.  Rivers Ogun and Oyan are particularly very suitable since the SAR 
is lower than 3 at all points of sampling.  It is suggested that crops like sweet potato, beans, groundnut, 
sorghum, tomato; sugar beet that are tolerant to toxic water can be adequately irrigated by groundwater in this 
area.  Farmers who desire to carry out irrigation may need to have an understanding of crops that are sensitive 
and tolerant to different irrigated water within this study area. 
Table 3 Comparative Mean Values for the Physico - Chemical Properties of Surface Water and Groundwater 










Total Dissolved Solids 
(TDS) (mg/l) 
89.98 207.32 56.60 
Chloride ion (mg/l) 10.90 9.67 11.30 
Sodium ion (mg/l) 14.08 32.47 56.60 
Calcium ion (mg/l) 4.78 21.19 77.40 
Magnesium ion (mg/l) 6.62 2.14 67.7 
SAR 1.76 1.80 2.00 
128   J.O. Akinyemi and S.O. Souley /  IERI Procedia  9 ( 2014 )  123 – 128 
References 
[1] Shady AM. To produce more food and fibre with less water is the challenge of the 21st century. SPORE. 
1998; 74:1- 16.  
[2] Office of Technology and Assessment (OTA). Water related technologies of sustainable agriculture in U.S. 
aid lands.  Government Printing Office Washington DC 1998. 
[3] Food and Agricultural Organization (FAO).  Irrigation, Drainage and Salinity 1973: 1 - 20. 
[4]United State Geological Service (USGS).  Water Resources investigations reports, reconnaissance 
investigations of water quality, bottom sediment and biota associated with irrigation drainage Rio Grande 
valley and Laguna Atascosa National Wildlife. 1986; 87-93.Washington  
[5] Jones HA and Hockey RD.  The Geology of parts of Southwestern Nigeria, Geology survey of Nigeria.  
Bulletin 1964; 31 - 40. 
[6] Ogun Osun River basin Development Authority (OORBDA). Soil survey of the lower Ogun Osun River 
Basin; Ogun River Basin feasibility Report. 1996; 5:1-30.   
[7] American Public Health Association, American Water Works Association and Water Pollution Control 
Federation (APHA, AWWA and WPCF). Standard Methods for the Examination of water and wastewater, 
15th Edition.  American Public Health Association, Washington. 1975. 
[8] Guipta JP, Sumbria NM and Khanna YP, Quality of Different sources of irrigation water of Jammu region.  
Madras Agric. J. 1998; 85: 110 - 112. 
[9] Food and Agricultural Organization (FAO).  Guidelines for interpretation of water quality for irrigation 
1965; 1 - 35. 
[10] Hoffman GI; Ayers RS; Doering EJ and Meneal BC.  Salinity in irrigated Agriculture. In: Design and 
operation of farm Irrigation systems. Jensen, M. E (Ed), ASAE Monograph 3. St. Joseph M.I. 1980; 145 - 188. 
[11] Asseez, LO. Groundwater Resources of Nigeria, Paper presented at the Conference on Environmental 
Resource Management in Nigeria, University of Ife, Ile-Ife, Nigeria 1972. 
[12] Richard LA. Hand Book U.S. Dept. Agric. 60. 1954. 
